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SUMMARY
In situ disappearance kinetics of alfalfa hay,
maize silage and wheat straw treated with three
enzyme mixtures were studied. The objective
was to evaluate three commercial enzyme
products, mainly used in poultry nutrition, for
ruminants. The products were Cellupract AS 130,
Natuzyme and Endofeed DC, mixtures of different
enzyme activities to break down non-starch
polysaccharides present in the plant cell wall
(mainly ß-glucanase, xylanase and cellulase).
Nylon bags containing forage, treated and control,
were incubated in duplicate for 4, 8, 16, 24, 48, 72
and 96 h in the rumen of two Blochi ewes fitted
with rumen fistula. All treatment and control forage
samples were evaluated in terms of their dry
matter (DM) and crude protein (CP) degradation
characteristics. Forages showed different
(p<0.01) DM and CP rumen degradation kinetics.
For DM, enzyme treatment significantly (p<0.01)
increased the rapidly soluble fraction a, the
potentially degradable fraction b, and effective
degradability (ED). Cellupract AS 130 affected DM
degradability to a greater extent (p<0.01) than the
other enzymes, and increased (p<0.05) fractional
degradation rate (parameter c) and ED of forage
protein compared with the control forages. The
other enzymes had only a slight effect, and the
increase in some degradation parameters
compared with control was significant only in a
few cases with Endofeed. Fibrolytic enzyme
mixtures, in particular Cellupract, could be used as
ruminant feed supplements to enhance forage
digestibility.
RESUMEN
Se estudió la cinética de la desaparición de
heno de alfalfa, ensilado de maíz y paja de trigo
tratados con tres mezclas enzimáticas. El objetivo
fue evaluar tres productos enzimáticos comercia-
les, empleados en nutrición avícola, como aditivos
para los rumiantes. Los productos fueron
Cellupract AS 130, Natuzyme y Endofeed DC,
preparaciones comerciales con diversas activi-
dades enzimáticas para degradar los polisacáridos
estructurales de la pared celular (principalmente
ß-glucanasa, xilanasa y celulasa). Los forrajes,
tratados o no (control) con enzimas, se pesaron
en bolsas de nailon y fueron incubados por du-
plicado durante 4, 8, 16, 24, 48, 72 y 96 h en el
rumen de dos ovejas Blochi provistas de una
fístula ruminal. Se analizó el efecto de la adición de
las preparaciones enzimáticas sobre las caracte-
rísticas de la degradación de la materia seca (DM)
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y proteína bruta (CP). Se observaron diferencias
(p<0,01) entre forrajes en la cinética de degrada-
ción ruminal de la DM y CP. Para la DM, el tratamien-
to enzimático incrementó (p<0,01) la fracción a,
rápidamente soluble, la fracción b, potencialmente
degradable y la degradabilidad efectiva ED. El
Cellupract AS 130 afectó a la degradabilidad de la
DM en mayor medida (p<0,01) que las otras enzimas
y aumentó (p<0,05) la tasa fraccional de degrada-
ción (parámetro c) y la ED de la proteína del forraje
comparado con el tratamiento control. Las otras
enzimas provocaron un efecto menos manifiesto,
y el aumento observado en algunos parámetros de
degradación ruminal sólo fue significativo en algu-
nos casos con Endofeed. Las mezclas de enzimas
fibrolíticas, particularmente Cellupract, podrían ser
empleadas como suplementos alimenticios para
rumiantes para mejorar la digestibilidad del forraje.
INTRODUCTION
Forages are the major and cheapest
source of energy for ruminants. Impro-
vement in forage fibre digestion increases
the energy available to ruminants. During
the last decade, the use of exogenous
fibrolytic enzymes to enhance fibre digestion
has been investigated. Several studies using
enzyme additives have reported improve-
ments in digestion in vitro (Lewis et al.,
1996; Colombatto, 2000; Hristov et al., 2000;
Bowman et al., 2002; Kung et al., 2002) and
feed utilization in vivo (Lewis et al., 1996;
Schingoethe et al., 1999; Yang et al., 1999).
In a recent study, 23 commercial enzyme
products were examined for enzyme activity
and in vitro feed degradation. Five of these
products significantly improved the 18-h
degradation of alfalfa hays, and nine of
them improved degradation of maize silage
(Colombatto et al., 2002a, b). However, other
studies (Sheperd and Kung, 1996; Vicini et
al., 2003) showed enzyme application did
not improve animal performance. Beauche-
min et al. (2001) concluded that results
concerning the effects of enzyme addition
to ruminant diets on animal performance are
variable and responses to some commercial
enzyme products can be contradictory.
These reports suggest that effects of exo-
genous enzyme treatment of forages are
inconsistent due to enzyme type, concen-
tration, diet type and application method,
and more detailed knowledge of exogenous
enzyme interaction with feed, host and
rumen micro-organisms is necessary to apply
this technology successfully (Morgavi et
al., 2000).
Many studies with forages treated with
enzymes have examined responses after
ensiling. Few data are available involving
application of mixture enzymes to forage
that is not subsequently ensiled. Specifi-
cally, research is needed to examine the
effects of exogenous mixture enzymes
applied to dry forages used in ruminant
diets. The enzymes selected for this study
have only previously been used in poultry.
The objective of this study was to investi-
gate the effect of the addition of three
different commercial enzyme mixtures on in
situ degradability of dry matter (DM) and
crude protein (CP) of alfalfa hay, maize silage
and wheat straw under Iranian conditions.
MATERIALS AND METHODS
FORAGES AND ENZYMES
Alfalfa hay (AH), maize silage (MS) and
wheat straw (WS) were obtained from the
dairy cattle farm of Ferdowsi University.
These forages were Iranian varieties adapted
to grow under the tropical conditions of
Iran. The enzymes used in this study were
commercially available feed additive
products namely Cellupract® AS/AL 130
(EC, Biopract GmbH, Berlin, Germany),
Natuzyme® (EN, Bioproton Pty Ltd,
Brisbane, Australia) and Endofeed® DC
(EE, GNC Bioferm Inc., Bradwell SOKOPO,
Saskatoon, Saskatchewan, Canada). These
commercial enzyme preparations are mixtures
of enzyme activities to break down non-
starch polysaccharides present in the plant
cell wall. Cellupract is commonly used in pig
feeding, containing xylanase, ß-glucanase,
and cellulase enzyme activities. Natuzyme
is a multifunctional feed enzyme supplement
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that has been used mainly in monogastric
diets and contains cellulase, xylanase, ß-
glucanase, pectinase, hemicellulase, amylo-
glycosidase and pentosanase activities,
including also some α-amylase, protease
and phytase enzymes. Endofeed DC is main-
ly used for poultry and contains endo-1,3(4)-
ß-glucanases and endo-1,4-ß-xylanases (ara-
binoxylans) produced by Aspergillus niger.
ANIMALS AND DIETS
Two 2 yr old Blochi ewes (42.5 kg and
43.6 kg body weight) from the flock of the
research farm of the Agricultural College at
Ferdowsi University were used in the study.
The sheep were each fitted with a rumen
fistula (4 cm internal diameter), kept in indi-
vidual pens and fed 50% forage (60% AH
and 40% MS) and 50% of a concentrate feed
(50% barley grain, 28% wheat bran, 20%
cottonseed meal, 0.8% limestone, 0.8% mi-
neral and vitamin premix and 0.4% salt).
Feed was divided into two equal meals and
fed twice a day at 07:00 and 18:00 h. Animals
were fed this diet since 15 d before the
experimental periods. Level of DM intake
was fixed at 40 g/kg BW0.75 per day.
CHEMICAL ANALYSES
DM, ash, ether extract and crude protein
(CP) of the forage samples were determined
by procedures of AOAC (1995). Neutral
detergent fibre (NDF) was determined using
procedures described by Van Soest et al.
(1991). Sodium sulphite and α-amylase were
not used in the NDF assay.
IN SITU PROCEDURES
Forage samples were dried and ground
through a 1 mm screen, and treated with the
three enzyme mixtures (3 g/kg DM) 24 h
before incubation. Forage samples (5 g)
were weighed into nylon bags (8×16 cm)
with a 40-45 µm pore size. Bags containing
samples of each of the three forages (two for
each sheep and incubation time), untreated
or treated with any of the enzymatic
preparations were incubated in the rumen of
each sheep after feeding at 08:00 h for 4, 8,
16, 24, 48, 72 and 96 h. After each incubation
time, bags were removed from the rumen and
rinsed with cold tap water, until the water
remained clear. Two more bags of each
sample were washed without incubation in
the rumen. The bags were dried at 65ºC for
48 h in an oven then weighed to determine
DM disappearance. The residues were
analyzed for CP content. Ruminal disa-
ppearance (%) at each incubation time was
calculated as the difference between the
residues and original samples. A total of
four observations (2 bags x 2 ewes) were
obtained for each forage sample at each
incubation time, and a composite of the two
sub-samples from each ewe was used for the
chemical analysis.
Ruminal kinetic parameters were estima-
ted using the exponential equation of Ørskov
and McDonald (1979), revised by McDonald
(1981), with simultaneous estimation of lag
phase as proposed by Dhanoa (1988):
( )( )PD 1 e ,    c t La b t L− −= + − ≥         [1]
where:
PD is rumen disappearance (%) at time t (h);
a= (%) is the rapidly soluble fraction (intercept at
Y-axis);
b= (%) the insoluble but potentially degradable
fraction;
a+b= (%) the potential degradability (upper
asymptote);
c= the fractional degradation rate constant (/h);
L= the lag phase (h).
The kinetic parameters were estimated
using the computer software NEWAY
(Rowett Research Institute, Aberdeen, UK).
Effective degradability (ED) was calculated
applying the equation:
ED e        kLbca
c k
−= + +                [2]
where k is rumen outflow rate (0.06 /h).
STATISTICAL ANALYSIS
Data on in situ DM and CP degradation
Archivos de zootecnia vol. 57, núm. 218, p. 158.
JALILVAND ET AL.
were subjected to standard analysis of
variance using the general linear model of
SAS (1999). The experiment was designed
as completely randomized with a factorial
arrangement of treatments. Factors in the
model consisted of forage type (3), treatment
with enzyme (3 enzyme preparations and
control) and their interaction. The main
effects of factors and their interaction were
compared using the least significant
difference test. Correlation coefficients were
computed using SAS (1999).
RESULTS AND DISCUSSION
EFFECTS OF ENZYMES ON DM DEGRADATION
Chemical composition of forages is
presented in table I. Average values for the
individual forages were within the range of
values reported elsewhere (Giger-Riverdin,
2000; NRC, 2001; Lopez et al., 2005), with
small differences that could be attributed to
varieties of forage, stage of maturity at
harvest, weather conditions, soil type and
management practices.
DM disappearance of the treated forages
at different rumen incubation times is
presented in table II. Treatment of AH with
enzyme mixture generally increased DM
disappearance, with EC showing the greatest
effect, though no significant differences
between treatment and control were found
at 48 h of incubation. Yang et al. (1999)
applied fibrolytic enzymes to AH and
reported enhanced bacterial colonization
and in situ DM disappearance of forage
between 3 h and 24 h of ruminal incubation.
Pinos-Rodrigues et al. (2002) observed that
addition of fibrolytic enzymes increased
DM digestion of AH and Nsereko et al.
(2000) concluded that fibrolytic enzymes
enhance fibre degradability by altering the
cell wall structure of AH. Feng et al. (1996)
examined application of a mixture of two
enzyme products to dry forage immediately
before in vitro incubation and before
feeding, and concluded that enzymes were
effective in increasing DM and NDF
digestibility (disappearance) of dry grass.
In contrast, Lewis et al. (1996) found no
effect of fibrolytic enzymes on in situ
disappearance of DM, NDF and ADF of a
grass hay based diet after 8, 16 and 24 h of
incubation in the rumen.
Addition of enzymes to MS improved
DM disappearance after 8, 16, 48 and 72 h
incubation but had no significant effect at
other incubation times (table II). The effect
of EC on DM disappearance of MS was
greater than for the other enzymes.
The effect of enzyme addition on WS
was to increase DM disappearance at all
incubation times except at 4 h. Jafari et al.
(2004) reported that WS treated with a
fibrolytic enzyme product showed higher in
vivo NDF, ADF and CP digestibility. Yu et
al. (2005) pre-treated WS and AH with a
multi-enzyme cocktail and observed in-
creased in vitro DM disappearance for both
forages, concluding that the different
response of both forages to the addition of
enzymes was due mainly to their plant cell
wall structures.
Parameter values obtained by fitting the
Ørskov-McDonald model, defining the
kinetics of DM degradation and effective
degradability (ED), are presented in table
III. Enzyme treatment increased the value of
a (p<0.01), a + b (p<0.01) and ED (p<0.01),
but had no effect (p>0.05) on parameter c.
Both the fraction a and ED were significantly
Table I. Chemical composition of forages.




Dry matter 933 376 953
Crude protein 152 89 32
Neutral detergent fibre 466 591 786
Ether extract 21 27 9
Ash 96 86 74
*g per kg.
Archivos de zootecnia vol. 57, núm. 218, p. 159.
EXOGENOUS ENZYMES AND FORAGE DEGRADATION IN THE RUMEN
(p<0.01) higher for the EC treatment than for
the control and other enzymatic treatments
(table III). Colombatto (2000) reported that
fibrolytic enzymes increased the soluble
fraction of MS when applied at ensiling.
Treatment EC led to a significantly (p<0.05)
shorter lag phase L (table III). According to
Wallace et al. (2001), increasing the initial
rate of fermentation would be one of the
most likely modes of action of added
enzymes. Beuvink and Spoelstra (1994)
found a decrease in lag phase in enzyme-
treated grass silages (before ensiling) in
vitro. In contrast, Colombatto et al. (2004)
found no effect on MS in vitro digestibility
when treated with fibrolytic enzymes
(applied before ensiling). However, both
the application method and the forage
species used in these two experiments were
different.
Based on our results, it seemed that
Cellupract mixture could be effective as an
Table II. In situ DM disappearance (%) of forages treated with different enzyme mixtures.
(Desaparición in situ de la materia seca (%) de forrajes tratados con diferentes preparaciones
enzimáticas).
Rumen incubation time (h)
4 8 16 24 48 72 96
Alfalfa hay
Control 36.4b 43.6c 55.3ab 61.1c 68.2 71.7b 72.8bc
Cellupract enzyme 39.5a 48.5a 59.6a 66.3a 70.3 74.2a 77.3a
Natuzyme enzyme 36.2b 43.4c 55.5ab 64.2ab 67.3 72.1b 73.9b
Endofeed enzyme 37.2b 46.1b 53.9b 62.5bc 69.8 71.5b 72.4c
S.E.M. 0.67 0.62 1.30 0.78 1.15 0.47 0.45
Significance * ** * ** NS * **
Maize silage
Control 35.4 39.8b 46.4b 57.7 64.6ab 68.4ab 74.4
Cellupract enzyme 37.1 45.1a 53.4a 59.8 68.1a 71.9a 76.1
Natuzyme enzyme 35.3 39.4b 47.3b 57.6 63.5b 67.5b 72.9
Endofeed enzyme 36.2 40.2b 47.6b 58.3 64.5ab 69.5ab 74.7
S.E.M. 0.49 0.86 0.41 0.95 0.75 0.72 0.92
Significance NS ** ** NS * * NS
Wheat straw
Control 25.3 30.6b 36.2b 44.0b 47.1b 52.1b 56.0b
Cellupract enzyme 27.5 34.7a 40.8a 48.6a 51.1a 56.2a 60.2a
Natuzyme enzyme 26.2 33.4ab 41.3a 46.2ab 50.8a 55.4ab 59.1ab
Endofeed enzyme 27.1 35.7a 42.2a 47.7ab 51.9a 57.1a 59.9a
S.E.M. 0.62 0.64 0.75 0.76 1.09 1.03 0.75
Significance NS ** ** * * * *
Means within each column and for each forage with different superscripts (a, b, c) differ significantly
(p<0.05).
S.E.M.: standard error of the mean.
NS: non significant; *p<0.05; **p<0.01.
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enzymatic additive for ruminants to enhance
forage digestibility. However, economic
feasibility of its use under practical
conditions should be assessed in vivo,
examining also the optimal dose of enzyme
preparation resulting in the most profitable
benefit to cost ratio.
Comparing forages, the soluble fraction
a was higher (p<0.01) for both AH and MS
than that for WS, whereas the potentially
fermentable fraction b was higher (p<0.01)
for MS than for the other forages. Parameter
c for AH was significantly higher (p<0.01)
than those for MS and WS. Therefore, ED
for AH was significantly (p<0.01) higher
than for the other forages. Similar results
were observed by Kamalak et al. (2005),
who reported that the soluble fraction
estimated for AH and MS was higher than
for WS and barley straw. Interaction between
enzyme and forage was found to be
statistically significant only for the b
parameter.
EFFECTS OF ENZYMES ON CP DEGRADATION
CP disappearance rates at different
incubation times are shown in table IV. DM
and CP disappearance at different times of
incubation were strongly correlated (corre-
lation coefficients always higher than 0.85).
In a pooled correlation analysis including
disappearance values recorded at all
incubation times, a correlation coefficient
of 0.98 was estimated.
Table III. Effects of treatment and forage type on in situ DM degradation kinetics1 and
effective degradability (ED). (Efectos del tratamiento y tipo de forraje sobre la cinética de la
degradación1 in situ y la degradabilidad efectiva (ED) de la materia seca).
a b a+b c L ED (k=0.06)
Treatment (T)
Control 28.0b 39.2 67.2b 0.0423 1.0b 43.2b
Cellupract enzyme 29.4a 40.2 69.6a 0.0512 0.6a 47.2a
Natuzyme enzyme 28.1b 39.3 67.4b 0.0456 1.2b 43.8b
Endofeed enzyme 28.8ab 40.1 68.9a 0.0439 1.1b 44.6b
S.E.M 0.29 0.38 0.44 0.0025 0.20 0.45
Significance ** NS ** NS * **
Forage (F)
Alfalfa hay 31.5a 41.6b 73.1a 0.0612a 1.1a 50.9a
Maize silage 31.4a 42.8a 74.2b 0.0356b 0.9a 46.3b
Wheat straw 22.8b 34.6c 57.4c 0.0418b 0.6b 36.3c
S.E.M 0.25 0.33 0.38 0.0021 0.19 0.39
Significance ** ** ** ** * **
T×F
S.E.M 0.51 0.66 0.76 0.0042 0.34 0.78
Significance NS * NS NS NS NS
Means within each column and for each source of variation (treatment or forage) with different
superscripts (a,b,c) differ significantly (p<0.05).
1a: soluble fraction (%); b: insoluble but potentially degradable fraction (%); a + b: potential degradability;
c: fractional rate of degradation (h-1); L: lag phase (h); k: rumen outflow rate (h-1).
NS: non significant; *p<0.05; **p<0.01.
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Enzyme treatment had only a small effect
on CP disappearance for AH and WS, with
EC resulting in higher CP disappearance
than control only at 4 and 72 h of incubation
for AH and at 24 and 96 h for WS. Enzyme
treatment had no effect on CP disappea-
rance of MS. Some studies reported that
fibrolytic enzyme treatment had no effect on
CP degradation (Beauchemin et al., 1999a;
Gonzales Garcia, 2004). However, in another
study, enzyme addition increased ruminal
CP degradation (Yang et al., 1999). Also
Rode et al. (1999) found that fibrolytic
enzymes significantly increased DM, OM,
NDF, ADF, and CP digestibility in dairy
cows. The variability in response to enzyme
supplementation among studies is probably
due to a variety of factors, such as diet
composition (Beauchemin et al., 1999b),
enzyme application method (Yang et al.,
2000) and experimental conditions as
discussed by Beauchemin et al. (2001).
Table IV. In situ CP disappearance (%) of forage treated with different enzyme mixtures.
(Desaparición in situ de la proteína bruta (%) de forrajes tratados con diferentes preparaciones
enzimáticas).
Rumen incubation time (h)
4 8 16 24 48 72 96
Alfalfa hay
Control 32.5b 36.1 42.6 51.4 55.1 60.2ab 64.6
Cellupract enzyme 34.6a 37.7 45.6 53.1 56.8 61.6a 65.7
Natuzyme enzyme 33.5ab 36.2 45.9 52.3 55.8 60.6ab 64.8
Endofeed enzyme 33.6ab 36.7 44.5 51.5 55.4 59.8b 64.4
S.E.M. 0.43 0.71 0.86 0.48 0.51 0.35 0.58
Significance * NS NS NS NS * NS
Maize silage
Control 29.5 35.5 40.0 48.9 56.7 62.1 65.1
Cellupract enzyme 31.5 35.4 42.1 50.2 58.7 63.5 67.4
Natuzyme enzyme 30.2 34.2 39.8 48.8 56.5 62.3 65.8
Endofeed enzyme 31.2 35.2 40.2 50.1 57.6 62.9 66.9
S.E.M. 0.51 0.59 1.07 0.53 0.82 0.66 0.61
Significance NS NS NS NS NS NS NS
Wheat straw
Control 23.4 28.6 34.1 40.2b 47.1 50.5 53.4b
Cellupract enzyme 25.1 29.4 36.4 43.3a 49.3 52.1 55.9a
Natuzyme enzyme 24.2 29.8 35.1 41.1ab 47.4 50.7 54.1ab
Endofeed enzyme 24.6 30.1 35.7 41.7ab 47.6 51.2 54.7a
S.E.M. 0.55 0.79 0.71 0.59 0.64 0.53 0.32
Significance NS NS NS * NS NS *
Means within each column and for each forage with different superscripts (a,b) differ significantly
(p<0.05).
S.E.M.: standard error of the mean.
NS: non significant; *p<0.05.
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Parameter values obtained by fitting the
Ørskov-McDonald model to estimate CP
degradation kinetics and ED are presented
in table V. Some significant (p<0.05)
differences among enzyme treatments were
observed for parameter c and for ED.
Fractional degradation rate (parameter c)
was significantly increased upon the
addition of EC compared with control. The
addition of EC and EE resulted in a higher
extent of degradation of CP in the rumen.
Significant (p<0.05) differences were
observed among the three forages for
parameters a, b, a + b, c, L and ED. According
to the study by Vik-Mo (1989) forages with
higher CP content tend to show a higher ED.
In a recent study, Yu et al. (2005) found that
responses of AH, WS and oat hulls to a
multi-enzyme cocktail were different.
However, in this study the interaction
enzyme treatment x type of forage was not
significant for any of the parameters
estimated.
CONCLUSIONS
Addition of fibrolytic enzyme mixtures
affected DM degradation of forage posi-
tively, whereas the effect on CP degradation
was less noticeable, indicating that enzymes
may have had a specific activity on
structural carbohydrates of the cell wall. In
particular, the addition of the mixture
Cellupract to the three forages resulted in
increased dry matter degradation in the
Table V. Effects of treatment and forage type on in situ CP degradation kinetics1 and effective
degradability (ED). (Efectos del tratamiento y tipo de forraje sobre la cinética de la degradación1 in
situ y la degradabilidad efectiva (ED) de la proteína bruta).
a b a+b c L ED (k=0.06)
Treatment (T)
Control 25.8 36.3 62.2 0.034b 1.0 38.1c
Cellupract enzyme 26.8 36.9 63.4 0.039a 0.5 40.8a
Natuzyme enzyme 26.2 36.2 62.4 0.036ab 0.9 38.8bc
Endofeed enzyme 26.9 36.1 62.9 0.035b 0.8 39.3b
S.E.M 0.34 0.31 0.38 0.0022 0.19 0.35
Significance NS NS NS * NS *
Forage (F)
Alfalfa hay 29.3a 34.7b 64.0b 0.038a 0.6b 42.2a
Maize silage 27.1b 40.9a 68.0a 0.031b 1.2a 39.9b
Wheat straw 20.8c 33.4c 54.2c 0.038a 0.7b 33.2c
S.E.M 0.29 0.27 0.28 0.0011 0.17 0.31
Significance ** ** ** ** * **
T×F
S.E.M 0.59 0.54 0.57 0.0019 0.33 0.62
Significance NS NS NS NS NS NS
Means within each column and for each source of variation (treatment or forage) with different
superscripts (a,b,c) differ significantly (p<0.05).
1a: soluble fraction (%); b: insoluble but potentially degradable fraction (%); a + b: potential degradability;
c: fractional rate of degradation (h-1); L: lag phase (h); k: rumen outflow rate (h-1).
NS: non significant; *p<0.05; **p<0.01.
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rumen. The effects of the other two enzyme
mixtures were rather subtle, although slight
increases in ruminal degradation parameters
were observed. The enzyme preparations
used in this work have been used extensively
in monogastric animal nutrition, and our
results have shown that mixture Cellupract
could have an interesting potential as feed
supplement for ruminants to enhance feed
digestibility.
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